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FIGURE 2B 



pDG2. 

GTTAACTACGTCAGGTTXSCACTTTT 

TG T AT CCG CT CATGAG ACAAT AA CCCTG ATAAATGCTTCAAT AAT ATTG AAAAAGGAAG AGT ATGAGT ATT CAA CATTT C 

CGTGTCGCCCTTArrCCCTTrrTTGCGGCATTTTGCCTTCCTC 

TGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCT 

CCGAAGAACGTTCTCCAATG ATG AG CA CTTT TAAAGTTCTGCTATGTGGCUCX3GT ATTATCCCGTG TTG ACGCCGGG CAA 
GAGCAA CT CGGTCGCCG CATACACT ATT CP CAGA^ 

TGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACAC^ 

T CGGAGG ACCG AAGGAG CT AACCGCTTTTTTGCAC^ TTGGG AACCGG AG 

CTGAATGAAG CCATACCAAACG ACGAG CG TGA CACCACG ATGCCTGTAGCAATG^ CAACAACG TTG CG CAAACT ATT AA C 
TGG CG AA CT ACTT ACT CT AG CTT C C CGG CAA CAATT AATAGA CTGGATGG AGGCGG AT AAAG TTGCAGG A C CA CTTCTG C 
GCTCXK^CCCTTCCC<?CTGGCrTGGTTT 

CTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAG 
ACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGCT 
ATTTACCCCXX5TTGATAATCAGAAAAGCCCCAAAAACAG 
TTTTGTTAAAATTCGCGTTAAATTTTrc^ 

AAAT CAAAAG AAT AG CCCG AG AT AGGG TTG AG TG TTGTTCCAGTTTGG AACAAGAGTC CACT ATT A^ 
CAACGTCAAAGGGCGAAAAACOSTCTATCAGGGCGATGGCCCAC^^ 

CGAGGTG C CG T AAAG CACT AAAT CGG AAC C CT AAAGGG AG C C CCCG ATTTAGAG CTTG ACGGGG AAAGCG AACG TGGCGA 
G AAAGG AAGGG AAG AAAGCG AAAGG AG CGGG CG CT AGGG CGCTGG CAAGTGT AG CGGT CACG CTG CG CG TAACCAC CA CA 
CCCGCCG CGCTTAATG(^CCGCTACAGGGCGCGTAAAAC^^^ 
TCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACC^ 
CrTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACC^^ 

T CTTTTTCCGAAGGTAACTGGCTTCAGCAG AGCG CAGATACCAAATACTGTTCTTCTAG TGTAG CCG TAGTTAGG CCA CC 

ACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCT 

TCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGC^ 

ACAGCC CAG CTTGGAG CG AACGACCTACACCG AACTGAG ATACCTACAG CG TG AGCTATG AG AAAG CGCCACG CTTC CCG 
AAGGG AG AAAGGCGGACAGG TATCCGG T AAG CGGCAGGGTCGGAACAGG AG AG CG CACG AGGG AG CTTC CAGGGGG AAA C 
GCCTGGT ATCTTT AT AGT C CTGT CGGGTTTCG CCACCTCTGACTTG AG CGTCX5 ATTTTTG TG ATGCTCG T CAGGGGGG CG 
GAGCCTATGGAAAAACGCGAGCkACGCGGCCTTT^ 

AG TT AG CTCACTCATTAGG CACCCCAGGCTTTACACTTTATG CTTCCGG CTCGTATGTTGTG TGG AATTGTG AGCGG ATA 
ACAATTTCACACAC^AAACAGCTATGACCATGATTAC^ 

AATGTG CT C CT CTTTGG CTTG CTTCCG CGGG C CAAG C CAG ACAAG AA CCAG TTG ACGT CAAG CTTCCCGGGACG CGTG CT 

AGCXK3CX5CGCCGAATTCCTGCAGGATTCGAG^CCCCT 

CAGTCTC^AGCATGCGCTTTAGCAGCCCCGCTGG 

TCCACCGXJTAGCGCCAACCGGCTCCGTTCrrTG^ 

CCCCCCGCCCCGCAGCTCGCXSTCGTGCAGGACGTGACAAAT^ 

CACCG CTG AGCAATGG AAG CGGGT AGG CCTTTGGGG CAG CGGCCAAT AG CAG CTTTG CTCCTTCG CTTT CTGGG CTCAG A 
GGCTGGG AAGGGG TGGGTCCGGGGG CX3GGCTT CAGGGGCGGGCTCAGG^ CG CG AAGG TCCTC CCGAGG CCC 

GGCATTCTCGCACGCTTCAAAAGCGCACGTCT^ 

CAATATGGGAT CGGCCATTG AACAAG ATGGATTGCA<XJCAG<^ CTATTCGG CTATG 

ACTGGGCACAACAGACAATCGGCTGCTC2X5ATGCCGCCX3 

AAGACCGACCTGTCCGGTGCCCTGAATGAACTG CAGGACX^AGGC^GCGCC^CTATCGTGGCTC^CCACGACGGGCGTTCC 
TTGCGCAGCTXSTGCTCXSACGTTGTCACTGAAG^ 
TGTCATCTCACCITGCrCCTGCCGAGAAAGTATCCATCATGGCT^ 
ACCTGCCCATTCGACCACCAAGCGAAACATCGCATCG 

TGATCTGG ACGAAGAGCATCAGGGG CTCGCGCCAG CCGAACTGTTCGCCAGGCTCAAGG CGCGCATGCCCG ACGGCG ATG 
ATCTCGTCGTGACCCATGGCGATGCCTGCTTGCCGAATATCATGGT^ 

GG C CGG CTGGGTG TGG CGGkCCG CT A T CAG G A CA TAG CG TTGG CT A C C CG TG AT AT TG CTG AAG AG CTTGG CGG CG AATG 
GGCTGACCGCTTCCTCSTGCmACGGTATCGCCGCTCrC^ 

TCTTCTTGAGGGGATCGATCCGTCCTGTAAGTCTGCAGAAATTGATGATCTATTAAACAAT 
AAGTTrTTCCTGTCATACTTTGTTAAGAAGGGTGAGAACAGAGTACCTACATTTTGAAT 
GTGGGGGTGGGGTGGGATTAGATAAATGCCTGCTCTTTACTGAAGGCT CTTT ACT ATT^ 
TTGGATATCATAATTTAAAC^GCAAAACCAAATTAAGGGCC^GCT 
TCTCTaSTGGGATCArrGTTrrTCTCTTGATTCCCACrTTG 

TAGCCTGAAGAACGAGATCAGCAGCCTCTGTTCCACATACACTTCATTCTCAGTATTGTTT^ 

CAGAAGCTGACTCTAGATCTGGATCCGGCCAGCTAGGCCGTCGACCrCGAGTGATCAGGTACCAAGGTCCTCGCTCTGTG 
T CCG TTG AG CT CG A CG AC AC AGX3 ACACG^AAAT^AATT AAGG CCGGCCCGT A CCCTCT AG T C AAGGC CTT AAG TG AGTCG 
TATTACGGACTGGCCGTCGTTTTACAACGTCGTGACTGGG 
TCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCC^ 
AATGGCGCTTCGCTTGGT AAT AAAGCCCGCTTT CGG CGGG CTTTTTTTT 




FIGURE 3A 
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pDG4: 

GTTTAATAGTAATCAATTACGGGGTCATT^^ 

CCOTCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCC^TAG 
CTTTCCAATCACGTCAATGGGTGGAGTATTTACGGTAAACTG 

acg ccccctattgacgtcaatgacggaaaatggcccgcctggcattaagcccagtacat^ 

ttgg cagt a catct acgtattagtcatcgctattaccatggtg atg cggttttggcagtacatcaatggg cgtgg a tag c 

ggtttgactckcggggatttccaagtctccaccc 

tttccaaaatgtcgtaacaactccgccccattgacgcaaatgggcg^tac^ 

ag ctgg ttt agtg aa ccg tcagatccg ctagcgctaccggtcg ccaccatggtgagcaaggg cg agg ag ctg ttcac cgg 

ggtggtt5CCcatcctggtcgagctcx;acggto 

ccacctacggcaagctgacccrgaagttcatctgcaccaccggcaagc^ 

CTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCG^ 

AGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAA 

ACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCA^ 

AACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGM 

CATCG AGGACGGCAG CGTG CAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGG CCCCG TG CTG CTG CC CG 
ACAACCACTACCTGAGGACCCAGTCCGCCCTGAGCAAAGACCCCAACGAG^ 
GTGACCGCCGCCGGGATGACTCTCGGCATGGACGAGCTGTAC^ 
CATAATCAGC(^TACCACATTTGTAGAGGTTTTACrrGCTTTAA 

AAATG AATG CAATTGTTGTTGTTAACTTGTTT ATTGCAG CTT AT AATGGTTACAAATAAAGCAATAGCATCACAAATTTC 

ACAAATAAAGCATTTTTTT CACTGCATTCTAGTTGTGGTTTGT CCAAACTCATCAATGTATCTTAACG CG AACTA CGTCA 

GGTGGCACTTTTCGGGGAAATGTG CG CGGAACCCCTATTTGTTTATTTTTCTAAATACATT CAAAT ATG TATCCG CT CAT 

GAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAG 

TTCCCTTTTTTGCGGCATTTTGCCTTCCTC^ 

TTGGG TGCACG AG TGGGTTACATCGAACTGGATCTCAACAGCG^ 

TCCAATG ATGAG CACTTTTAAAG TTCTGCTATGTGGCX3 CGGTATTATCCCXSTGTTGACXJCCGGGCAAG AG CAA CT CGG TC 

G C CG CAT A CACT ATT CT CAGAATGACTTGGTTG AGT ACT CAC CAG T CACAGAAAAG CAT CTTA CGG A TGG CA TG A CAG T A 

AGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCX^CCAACTTA 

GGAGCTAACCGCTTTTTTGCACAACATGGGGGATC^ 

TACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAArc 

ACTCTAGCTTCCCGGCAACAATTAATAGACTlG^ 

GGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCAT^ 
<;TAAGCCCTCCCGTATCX5TAGTTATCTACACGACXXi^ 

ATAGG TGCC TCACTG ATT AAG CATTGGT AACTGTCAGACCAAGTTT ACTCAT AT AT ACTTT AG ATTG ATTT AC CC CGG TT 
GATAATCAGAAAAGCCCCAAAAACAGGAAGATTCTATAAGC^ 

CG CGTT AAATTTTTGTT AAAT CAGCTCATTTTTTAACCAATAGG CCG AAATCGGCAAAATCCCTT AT AAAT CAAAAG AAT 
AGCCCG AG AT AGGG TTGAGTG TTGTT C CAG TTTGG AACAAG AG T C CA CT ATT AAAG AA CG TG G A CT C CAA CG T CAAAGGG 
CGAAAAACCG TCTATCAGGGCGATGG CCCACTACG TGAACC^TCACC CAAATCAAGTTTTTTGGGG T CG AGG TG C CG T AA 
AGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTC^ 
GAAAGCGAAAGGAGCGGGCGCTAGGGCX5CTGGCAAGTGTAGCGGTCACX^ 

ATG CG C CG CT ACAGGG CG CG T AAAAGG AT CT AGGTGAAG AT CCTTTTT GAT AAT CTCATG A C CAAAA T C C C TT AACG TG A 

GTTTTCGTTCC^CTGAGOSTCAGACCCaSTAGAAAAGAT^ 

GGTGCTTGCAAACAAAAAAACCACCGCrACCAGCGGTGGTTT^ 

GTAACTXSGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGT 

TGTAGCACCXSCCTACATACCTCGCTCrcCTAATCCTGTTACC^G 

GGTTGGACTCAAGACGATAGTTACCX5GATAAGGC^ CACACAGCCCAG CTTG 

G AGCG AACGACCT A CA CCGAACTGAGATACCTACAGCG TG AG CT ATGAGAAAG CG CCACG CTTC C CG AAGGG AG AAAGG C 
GGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACX^ TATCTTT 
ATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTm 
AACGCCAGCT^CGCGGCC^TTTTACGGTTCCTGGCCTTTTC 
ATTAGGCACCCCAGGCTTTACACTTTATCCTTCCGGCrCGTATGT^ 

GG AAACAG CTATG ACCATGATTACG CCAAGCTACGT AATACG A CTCACTAGG CGG CCG CG TTT AAACAATG TG CT C CT CT 

TTGGCTTGCTTCCGCGCKCCAAGCCAGACAAGAACC 

ATTCCTGCAGGATTCGAGGGCCCCTGCAGGTCAATTCTACCXJGGT^ 

GCGCTTTAGCAGCCCCGCTGGCACTTC^C^ 

CCAACCGGCTCCGTTCTTTGGTGGCCCCTTCGCGCCACCTTCTACTCCTCCCCT 

AGCTCGCGTCGTGCAGGACGTGACAAATGGAAGTAGCACGTCTCACTAGT 

TC^AAGCGGGTAGGCCTTTGGGGCAGCGGCCAATAGCAGCTTTGCT 

TGGG TCCGGGGG CGGG CTCAGGGGCGGG CTCAGGGG CGGGGCGGG CG CG AAGGTCCT CCCG AGG CC CGG CATT CT CG CAC 

GCTTC^U^GCGCACGTCTGCCGCGCTGTTCTC^ 

GCCATTGAACAAGATGGATTGCACGCAGGTTCTCCGGC^ 

GAC^TCGGCTGCTCTGATGCCGCCGTGTTCCGGCrc 

CCGGTGCCCTGAATGAA CTGCAGGACGAGG CAGCG CGG CTATC^ 

CTCG ACG TTG TCACTG AAGCGCX3AAGGGACTGGCTGCTATTGGGCGAAGTG CCGGGG CAGG AT C T C CTGT CAT CT CACCT 



TGCTCCTGCCGAGAAAGTATCCATCAT^ 

ACCACCAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATGGA^ 

GAGCATCAGGGGCTOSC^CCAGCCGAACTC^ 

CCATGGCGATGCCTGCITGCCGAATATCATGGTGGAA^ 

TGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTC 

CTCGTGCTTTACGGTATCGCCGCTCCCGATTrc 

TCGATCCX5TCCTGTAAGTCTGCAGAAATTGATGATCTATTAAACAATAAAGATC 
CATACTTTGTTAAGAAGGGTCAGAACAGAGTAOT 

GGGATTAGATAAATG CCTG CT CTTTACTGAAGGCT CTTTA CTATTGCTTTATGATAATGTTT CAT AGTT GG A TAT CAT AA 

TTTAAACA^ 

CATTCTTTTTCTCTTGATTC 

GAGATCAGCAGCCTCTCOTTCCACATACACTTC^ 

TAGATCTGGATCCGGCCAGCTAGGCCGTCXSACCTC^ 

ACX1ACACAGGACACGCAAATTAATTAAGGCCX3GCCCGTACCCTCT 

CCGTCG TTTTACAACGTCGTGACTC<^AAAACC 

AGCTGGCGTAATAGCGAAGAGGCCCGCTvCCXIATCGCCCTTCCCAACA^ 

TrGGTAATAAAGCCCGCTTOSGCGGGCTTTTTTTT 



FIGURE 3B (Continutcd) 
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pDG4 Vector 



TTCCTGACAAGACTATGTCCACTCAGGAGCCCCAGAAGAGTCTTCTGGGTTCTCTCAACTCCAATGCCAC 
CTCTCACCTTGGACTGGCCACCAACCAGTCAGAGCCTTGGTGCCTGTATGTGTCCATCCCAGATGGCCTC 
TTCCTCAGCCTAGGGCTGGTGAGTCTGGTGGAGAATGTGCTGGTTGTGATAGCCATCACCAAAAACCGCA 
ACCTGCACTCGCCCATGTATTACTTCATCTGCTGCCTGGCCCTGTCTGACCTGATGGTAAGTGTCAGCAT 
CGTGCTGGAGACTACTATCATCCTGCTGCTGGAGGTGGGCATCCTGGTGGCCAGAGTGGCTTTGGTGCAG 
CAGCTGGACAAGCTCATTGACGTGCTCATCTGTGGCTCCATGGTGTCCAGTCTCTGCTTCCTGGGCATCA 
TTGCTATAGACCGCTACATCTCCATCTTCTATGCGCTGCGTTATCACAGCATCGTGACGCTGCCCAGAGC 
ACGACGGGCTGTCGTGGGCATCTGGATGGTCAGCATCGTCTCCAGCACCCTCTTTATCACCTACTACAAG 
CACACAGCCGTTCTGCTCTGCCTCGTCACTTTCTTTCTAGCCATGCTGGCACTCATGGCGATTCTGTATG 
CCCACATGTTCACGAGAGCGTGCCAGCACGTCCAGGGCATTGCCCAGCTCCACAAAAGGCGGCGGTCCAT 
CCGCCAAGGCTTCTGCCTCAAGGGTGCTGCCACCCTTACTATCCTTCTGGGGATTTTCTTCCTGTGCTGG 
GGCCCCTTCTTCCTGCATCTCTTGCTCATCGTCCTCTGCCCTCAGCACCCCACCTGCAGCTGCATCTTCA 
AGAACTTCAACCTCTTCCTCCTCCTCATCGTCCTCAGCTCCACTGTTGACCCCCTCATCTATGCTTTCCG 
CAGCCAGGAGCTCCGCATGACACTCAAGGAGGTGCTGCTGTGCTCCTGGTGATCAGAGGGCGCTGGGCAG 
AGGGTGACAGTGATATCCAGTGGCCTGCATCTGTGAGACCACAGGTACTCATCCCTTCCTGATCTCCATT 
TGTCTAAGGGTCGACAGGATGAGCTTTAAAATAGAAACCCAGAGTGCCTGGGGCCAGGAGAAAGGGTAAC 
TGTGACTGCAGGGCTCACCCAGGGCAGCTACGGGAAGTGGAGGAGACAGGGATGGGAACTCTAGCCCTGA 
GCAAGGGTCAGACCACAGGCTCCTGAAGAGCTTCACCTCTCCCCACCTACAGGCAACTCCTGCTCAAGCC 

(SEQIDNO: 19 ) 



Targeting Vector f5' arm: 200 bp flanking neo insert): 

CCGACAACAACATGAAGTGAATCAGAAGCTGGGGGCTGATACCACCTGGAGCTGCAG 
CCTCCACAGACCGCTTCCTACTTCCTGACAAGACTATGTCCACTCAGGAGCCCCAGAA 
GAGTCTTCTGGGTTCTCTCAACTCCAATGCCACCTCTCACCTTGGACTGGCCACCAACC 
AGTCAGAGCCTTGGTGTCTGTATGTG (SEQ ID NO: 20 ) 



Targeting Vector (3' arm: 200 bp flanking neo insert): 

GACTACTATCATCCTGCTGCTGGAGGTGGGCATCCTGGTGGCCAGAGTGGCTTTGGTG 

CAGCAGCTGGACAACCTCATTGACGTGCTCATCTGTGGCTCCATGGTGTCCAGTCTCT 
GCTTCCTGGGCATCATTGCTATAGACCGCTACATCTCCATCTTCTATGCGCTGCGTTAT 
CACAGCATCGTGACGCTGCCCAGAG (SEQ ID NO: 21 ) 



FIG. 8 



